Experimental observables of the elastic eD-scattering in the region of intermediate energies are discussed. We offer the analysis of the available experimental data, which reproduces the results of the calculations with popular N Npotentials at low energies (Q 2 ≪ 1(GeV /c) 2 ), but, at the same time, provides the right asymptotic behavior of the deuteron e.m. form factors, following from the quark counting rules, at high energies (Q 2 ≫ 1(GeV /c) 2 ). The numerical analysis developed allows to make certain estimations of the characteristic energy scale, at what the consideration of quark-gluon degrees of freedom in the deuteron becomes essential.
Introduction
It was already demonstrated [1] [2] [3] , that the quark substructure of the deuteron should manifest itself in the elastic ed-scattering at high Q 2 . Nevertheless, up to now the question of the energy scale at what quark-gluon degrees of freedom become defrozen in simplest nuclear systems has been remaining a subject of great interest (see e.g. Ref. [4] ). It seems that the so called quark counting rules [5] applied to the elastic ed-scattering at high Q 2 give the most natural way for estimating of such scale. While QCD predicts [6, 7] that the individual asymptotic behavior of deuteron form factors will differ significantly from that predicted by the conventional NN-potential models, the predicted asymptotic behavior of the cross section dσ dt ∼ 1 t 11 f (t/s) (where s and t are the conventional Mandelstam variables) can be also reproduced within the "classical" (nucleon-meson) picture [8] . Therefore, it is a topical matter to look for another observables of the elastic ed-scattering which could be sensitive to the quark-gluon structure of the deuteron.
The aim of the present paper is to study the behavior of the elastic ed-scattering in intermediate region between nucleon-meson and quark-gluon pictures and to estimate a Q 2 -scale, where QCD consideration becomes valid. We show that the QCD asymptotics sets in the helicity-flip transition amplitudes at Q 2 of order of few (GeV /c) 2 . The outline of the paper is as follows. In Sec.2 we summarize the general expressions for observables of the elastic ed-scattering as well as expressions of the deuteron e.m. form factors in terms of helicity transition amplitudes in the infinite momentum frame. The QCD predictions for the helicity transition amplitudes at high Q 2 are discussed in Sec.3. In Sec.4 we analyze the experimental data for the elastic ed-scattering (A(Q 2 ) and B(Q 2 ) structure functions, the tensor analyzing power T 20 ), using phenomenological parametrization, which reproduces the results of the nucleon-meson calculations at Q 2 ≪ 1(GeV /c) 2 and reduces to the asymptotic behavior predicted by the perturbative QCD at Q 2 ≫ 1(GeV /c) 2 . It is assumed that the region where Q 2 are of the order of few (GeV /c) 2 is the region where the nucleon-meson calculations as well as pure QCD methods are not applicable. Predictions for the e.m. form factors of the deuteron and T 20 at Q 2 of the order of few (GeV /c) 2 are done. Conclusions are given in Sec.5.
Basic relations
In the lab. frame the cross section of the elastic ed-scattering (when the particles are unpolarized) is given by the Rosenbluth formula
where dσ dΩ M ott is the Mott cross section, θ is the electron scattering angle;
3)
The normalization of the form factors entering (2.2) and (2.3) is chosen to be the following:
where µ D and Q D are the deuteron magnetic and qudrupole moments, respectively. In the infinite momentum frame, defined as in Ref. [9] , the form factors could be expressed in terms of the helicity transition amplitudes [10 
4)
where j µ is the e.m. current, |p λ > stands for the deuteron state with the momentum p and helicity λ, J
Asymptotic behavior
Recently, Brodsky and Hiller [10] have mentioned that in the analysis of the high energy elastic ed-cross section at least two momentum scales must be distinguished. The first one is given by the QCD scale Λ QCD ≈ 200MeV /c and determines the perturbative QCD regime. In particular, according to the arguments of Ref. [7] , this scale controls a high Q 2 suppression of the helicity-flip transition amplitudes
where a and b are some constants. The second scale is purely kinematical and defined by the deuteron mass M. It was argued [10, 11] that in the region
the helicity-conserving transition amplitude J + 00 dominates, so the quark content of the deuteron could reveal itself already in the experimentally accessible region.
From (2.4) and the QCD-motivated relations (3.1) it follows that the charge form factor G C should have the lowest leading fall-off degree, while the form factors G M and G Q are suppressed by a factor (Q 2 ) −1 . At the same time at high Q 2 the meson-nucleon approach (see e.g. Ref. [12] ) predicts that G C ∝ G M and G Q is suppressed by a factor (Q 2 ) −1 . Thus QCD and the classical nuclear physics give the different predictions for high-Q 2 behavior of such quantities as the ratio B/A and T 20 . It was assumed [10, 11] that in (2.4) the helicity-flip transition amplitudes J + +0
and J + +− could be omitted for the kinematical region (3.2). In this case J + 00 cancels in the expressions for T 20 and B/A. However, the calculated behavior of the last one contradicts the experimental data.
In Ref. [13] it was mentioned that the helicity-flip matrix element J + +0 cannot be neglected in the magnetic form factor. Moreover, it was demonstrated that J + +0 matrix element strongly affects the behavior of the magnetic form factor at Q 2 of a few (GeV /c) 2 and provides a neat parametrization for B/A ratio. On the one hand, this kinematical region cannot be considered as a region of pure nucleon-meson physics; on the second hand, it cannot be considered as a region of pure perturbative QCD as well. In the next section we shell study the deuteron e.m. form factors in the framework of phenomenological model, which reproduces the results of calculations with realistic NN-potential at low Q 2 , and provides the behavior predicted by perturbative QCD at high Q 2 .
4 Smooth connection to low-Q
region and numerical analysis
Following the idea of the reduced nuclear amplitudes in QCD [14, 15] we define the reduced helicity transition amplitudes g 
, δ -is some parameter of order of the nucleon mass. For G M and G Q to be finite at Q 2 → 0, the reduced helicity transition amplitudes should obey: g
, which justifies the following parametrization:
with {a i , α i } , {b i , β i } , {c i , γ i } being fitting parameters. From the quark counting rules [7] it follows that the fall-off behavior of these amplitudes at high Q 2 's is
which, together with the requirement of correct static normalization (Sec. 2), impose the set of restrictions on
The "masses" {α i } , {β i } and {γ i } define a nonperturbative part of reduced amplitudes. In our calculations we used the following sequence for each group of these parameters:
(similarly, for β i and γ i ), where µ (α) , µ (β) and µ (γ) have the dimension of energy and, in accordance with (3.2), are to be of order of Λ QCD . Results of numerical calculations (n=4, parameters appear in Table 1) 
The reduced helicity transition amplitudes g 
where ε stands for experimental data accuracy. Using the best-fit parameters (see Table 1 ) and taking different values of ε we made estimations (see. Table 2 ) of Q QCD , based on all experimental data available. 
Conclusions
In the present paper we have studied the possible description of the existing experimental data of the elastic ed-scattering based on the idea of reduced transition amplitudes, the behavior of which at high Q 2 is fixed by the quark counting rules. At low Q 2 our parametrization reproduces the results of the standard nucleon-meson picture.
The above analysis shows that QCD could strongly affect the behavior of the deuteron e.m. form factors when Q 2 is of order of 10(GeV /c) 2 . This value of the transferred momentum scale is mainly defined by the fact that the QCD asymptotics of the helicity non-flip transition amplitude J + 00 starts rather late. Therefore, at intermediate energy the observables independent of J + 00 should be sufficiently sensitive to the quark structure of the deuteron. The existing experimental data for the ratio J 
